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(57) Abstract: 



PURPOSE: A flat panel display and a method for 
manufacturing the same are provided to achieve 
improved display uniformity by preventing an 
electron emission source from contacting a gate 
electrode substrate. CONSTITUTION: A flat panel 
display comprises a vacuum envelope including a 
front glass plate(10) and a substrate(l) opposed to 
the front giass plate; a cathode(3) formed on the 
substrate, and which has an electron emission 
source; a gate electrode substrate(1 3) having 
electron passing holes(6), and which is arranged in 
the vacuum envelope in such a manner that the gate electrode substrate is spaced apart from the cathode 
and opposed to the substrate; and a phosphor screen(9) and an anode e!ectrode(8) formed on the front 
glass plate in the vacuum envelope. The gate electrode substrate includes an insulation substrate(4) 
having electron passing holes; and gate electrodesO 5) formed on the insulation substrate. 
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H-S- 44*1^ 4-2L°M H^lf ^&144 -tl^jstl 3i£to)l 1«1- 36-H 

o_J ofl °1 4 4 44 ^2: o l^l-S > -K>700-V_e] EH) o] A-]] A) 7\ *-X\ f) ?}o] Alp 

o.<H]Jfe>A>Als 

4 £- n l 4 °] 4 A l 44 icif>^>a>cl-700^el eH| o] Afl tfl a] 7}^- a) 7] 7}o]a\ 



(54) M c^-f-sJM «*)- =L Afl^wj-^ 



-g- 44'1 4& I ' 4''i' '•' ): Si* /IliH, 44 7la[- ^ t§ % -'-:•"'! 4 °})±SL *J#-fr 5E*V*1 

4. 4* sl^l-§-7l-l- ••;••'! '.- 44^1^ 44 4l-e|*4 44 Si4 444=>11 4^rJi^r 44-fi- i444. 4^ 

714 44 *444H 444#4* 444. 4°m 44 44-^ 44^444* 44ji 4i^^44 4444 
7)^011 u^-sysm ^ s-i^^-zHi HH^uf. ±3.^ s]fl-g-7H 5Ufe 44 444 

4 S4 -44 4^44. 4°|e 44 444 44£ ^°d44-4 »MB 444 i4?I<4. ^^4^-8: 4444444 
71-^1 c>. 7|)o]e xj^^ ^«4 7H4 4 V 4 <8^€4. 44 4^*4°] 4££«j-«]oi 53. 7fl^sl^ $14. 



£ 1 



i£ 1-& 4 1 41444 4-& 44 ci^i-^lo)s.l ufllf ^^§>7l 7fl^>£o]ri-; 
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S- 2afe ?i4 7]3!-§- ••;•=! £14 7fl^55°)4; 

51 2bfe 7||o1e ?144 flliS.* A i D J*)-7) ^4 4'! 

£ 34 7,1] i 4 4U r 4^ . ! '•• v -il -1 «fl^* 4i447l 3}4 v 4d 1: 

.',7 44f 7-1] 1 ^a)o||o)1 tcj-s. sg^- cli|e(o]o] g s!-H<H]^sq £]4 SL^o]c}; 

51 5a<HH 5c 7-11 1 4*I4N srjH,- cl ^5)1 °HH 3)5.0)] c)]^ ^ Ej-o] =J £ o] c]-; 

51 6a°)M 6d4 *tl 1 '^HHl 4-B *J4 ^i*eflo]oilA-l ^srj gj^oj] C ])*V ^ e.]-o] ni c Q ] c]- ; 

717 7afe »H4 *17}MH4451 7M^] ^i^eflolofl fl]*V a-J^H^ ^^ov^ Ajo^] 3 

51 7blr 71) i ^aHHI ic}^ 43)*1]<H44* 44 =J4 4^»el)°Hl rfl^ # 3) *|| <H # ^ 44444 4-447) ?} 

7-iHHi£°)4; 

51 8-S- 7l| 2 ^ a) oil o|| tt ]-s c]^»e||o|o, afl <g^ 4ioj s1 _ 7) o, tv 7,1^014; 

£ 9afe 7fl 2 44 0,10,1 tt |-s c1&#*M<HH 7|)0lE X-)-- 7 ] ^47) *) 4 7l)45K>14; 

E 9bfe 7,1 2 TsJaHIo,! cc)-^ ig$ c)il-e1|o)o,lAi 4 ; ;, ! ^ 7)44 4^471 i?)4 7ll451°14; 

e loafe -I!/;-.' -1 /!• -a r -osi-7] ^4 7 u4e°)4; 

7,1 10b 4 SI 10a2l A-At 4-g- 442) %1 E o) c)-; 
V lOcfe it > 4' < - <| v4 ; 7.1, a :, ...] |. 

51 Hafe 3 j4 n)^f-cl)oj^ - A Jf«^ 7ll&l=A|oJ ^ni£o]cf; 

-E llb4 51 lla^ A-A# 4# 44^1 ^ 445E°14; 

51 12afe HI 4^ 4^4 t^^-l-eflo)^ ^^jf h.oi 7fl 35=^0) cf; 

51 12bxr 51 12aSl C-Cl- ff) - ' 44^1 %>4451o]4; 

51 13a4 31 44 clil-E||oioi ^jl-^-g-iS) ?m^9l *d 451°14; 

51 13b4 111 13aS) D-DS 4-& 44^1 %'4 u d5lo)cy; 

J= 14afe 15 4* ^4 C]^i]\o)^ -_o «.^ol 7 H^o] ^niJ£oiq-; 

51 14bfe 51 13a^ E-E-tt 4* ^4 D dE c> 14; 

',. 15afe 15 4^ '::! V 47.4 44 :5 4 4 V ^ H • i" 4 ?" ^<S5K>14; 

51 15bTr 51 15a2) F-F# 4-& ',' l| % 1^ •; i .',_o* 1 ; : 

51 16afe 15 4€- a J4 ^lifslolal ^A^^l 7ll?4Ajo| A^s:o]cf; 

51 16bTf 51 16a£] G-G4 < \ \ : 4 £2] ^4'?l5lo)4; 

£ 174 -^afl ^14 t'l2--Se||olo) ^ # A^ujg^] o,^ 7 fl4 4 V:Vl> '4 I'. 

* 4 7i E °1 4 S. o\] ell *} 41- 41- el- ^ Ij * 
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1, 10: ypii- 2: 71^1- e] 

5: r!vl f 6: 7i*f ^r^'S 

7: 4i'# a-l-M- 8: ;4 f 

9: ••:! <} ■ ! ■ ! 11,13: 7)|o)e ,j ,,.| 

12: 4H-^-S-°o ,: ^l 14: 7i7]-'##€ 

15,25: ?I|°1J= 74^1 16: *)} 4 ^4-471 

17: x)l 2 4*471 18: x-flo] ^r* 

19: x-ll 1 ;•, r'r 20: 4 3 i' ',: ] «• ! 

22: TlMm x i? j ^o|^| 

23: -71) 4:J= 44 74 4 ^3)*} 

26: 444 35: ic*] 



■& 444 444*4 -°-s4e) 44474 4°n #3=i£ ^ ^-§- 4#47r ig* 

Eflojcii si-si- d ^fl^AS-fe, ^^-y 0 v*,^o_^ q-^^o. o.- A >-g-s>^ sj^i ci^^on ^l-fj- ?A°M. 

544-4, x)7]]'Hi-# cj^f-efloKFED) 3£fe ig« ^4 4 # c) i« 31 °1 4 ^xV« 0 >#^ q-i-_-S-tL ^-fr, <Hl« 

£4 M-^7T-JE1«- 4444 ^7llBj-# E^»E1H21- 44 V)^#)°)7} °-} 444 44. 

44 4v_4414 44 ^"Sf^singel griphite layer)4 444 4*14 XlJl 5^1*r i£l (five-membered ring) 4 
si-o] c].tLoil <g^5lfe 444 4. Iht M-in^H-fe sj-ej ^j o.s. xjol7l wfl Jg-ofl , 4<*l 7>i<Hl 4*11 

tMI 4 ; - • 1. <iJ ^J-^i 4i i->ir.^-H.sl z\7§£: (high aspect ratio)# ?£4 444 li -V '-1 

lOnm °1M 50nm ^57S "11 4- 4<4. 4sM, 4^*Ji4 fe4 'I II 1 , 1 -! I 4t?-§- 5, v fe4. 

o.S.a-1 Aj-7] Eli 4t#Jit A}-g-e}fe xgsa- c|^#a|o|o(| tflsH, 4^ ofl^ 4 mm ^1 444 7>^H 
± '..| , ,, ii ■•' ziW^-li ^flSSl-b %)-4 44 € ^-(needle-like graphite column)!-, <! ^^-^)# 5J"4 4ii4c 
athodeH tflsfl, ^a^jis*! 44 ^i^]-1j-*4i* °l-8-*l-fe 44 G H4, 44^ i^-sl ^oliif AV-g-sH 

?.^f££«l ^K'^-fr ^-g-^l-fe ^^1^117} «l-8-7l^3-le-K°l]» -I- 1 ?!, ^*7H 7-Hll-l62383;t 

«)# 4et fls* 

£ 174 #2:3. 71-M- ulll-i- 

ul^efloloflA^, ^£L&I4 olleajioflA-l s]44 afl-a*^^ ^€4. °1 *t cl^sfl°14r ^7 

Jjif^os. 71 71 i° r al¥l-(108)7-l- 4^7] ^ 47e]?l(108)^ nl4il7r 7l?l(l01)-|- 5l4r ^ 2-1^-8-71 (vacuum 

envelope). 71^1(101)^1 *J4§7l 7114:^(102), 4J-71 n^(W2)s] ^^o)] ^ fi - 1 : 7i 4 u o'-»«(103), 
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44*4444 7M°1 44 4^(12)^44 4444 714(101)4 44iLfe 71] 4 E 44(105), 4 44 4.4 4 

44(108)4 S4 44 § •';•) 5 ' ', .- ^3.^1(107)4 4^-E-(anode) 44(106)* 4fe4. 

*j 4 4 ^-i- all 4 si 4-§"§- ^ 4 

-II -I 1 44-(105)4 4 4?-)# 7H£4 444#4(103)4 444 : & 44i= 44-405)4 4^^(102) 44 
4 4 44- I °1 4^Hr 44444(108)4 47144 ^4^, *i47} 44. 

444 44t± 4^(106)4 ?fliJE.(102) 4°]°)] 44-§r 47f4 c l^-4 ItH ?i^-(106)-2-S 7V444 5.1 -'I 

7-34(109) 44 -f-344. 44 44, 4 4 ^3.4(107)4 «4S: 4444. ^34(107)4 R(44), G(44) 51 
B(44)A^ ••! ' • •! 'i ;• ^sl 3444 444fe 3^&A£ ' '4:! 4 14 4^444 4 4 44 4 514. 



-"i44, 4 4 4^*44^ 444 ^1# 4^4. 

^4 v.)^3.$]o]7} 1 x t! 4, ofls. 7fl^°il cflsii <#<y 444 4^ — 444 "S^aMI 44-^fe §-4, 4^ 
i^'r ;!.--4'\.','. 444.2-5- 7-444. 444 4=£^4 4444, ?14Hi 4-4 <y-.<y :*i<y-oi, t ]^^e||o] 5 i^ o)u\ 
x]chi 4e1-, 4 314^1 -*H444- 44S 444 4444. 444 4-£-i|3.44, 44s 444 444£- 444 44- 
o) : o]- fj-r-i-. ici-efA^ 7141^4 a>oi oj xjoj-o] ^s>4, 4je.e. ^44 44^-, 444 H J4 44 cjifeM 

4 4 -2-^44. 44s 444 444 444 444 44, i4 4^J£ 214 §444. 

4 ?14H->ll 4-5-4 44" 4444, ?lli£ 7144 it 1 ?! 44, 4* #4, ri34 = 44(screen printing)4 44 5L 

aiE c )o]ui- <g CVD4 4 4 4i 4^4 1*44 4°4-^sl 444 44^^4 4 4 44-. 4-1- #4, A 3?l « 

si SB 4444 444444 44J= 44 4*4 444 ¥14. 444, 44*4, 444444 £44 

TiioiE x-i^-ji^oi oi-E)] x44 444 4^-sIji 444 4444. ?4 4^4«-4 4 CVD4 44 444 *j^44 
, 44 444 S?4H| 4*11 4-¥-44 44-*lMi^> *44 44^5- 44s 44 444 444 44. 444, 444 
44* 444^- 4i 4V-fi-u4 ^444. ^44 B J4 44 4^444 5444 Afft4 

4444(stray capacitance)4 ?U^4 44H 44 44 444 *3444. -714^4 7141s 44-1- A l-°14 ¥4 4 
-b -?44 Jii4°j4°l 34, 44444 ^7}t}SL, =J4 4^#4°14 4-44 4 444^r 4444(load capacitanc 
e)4 4444. 444£fe 4^4-n, 444 5 J4 44 4^*44 -3-44 4 -S.^44. 

.g. t^o] h^io cl^l-efloi*]- ^ oi- c)ii-^ 0 i# 4-^4^ 4°14. 

£ 444 £E 4€- 444 ?)Ms 444 444 444 4^4 4 9\Sr ^4 4^4444 4-^4fe- 444. 

4 444 i£ 4€- 444- 44 4444 44 444E.S 4fe B J4 4^»44# 4-^4fe 444-. 



4 444 4# 44 444 4444 44, 44£ 444AS 444 44 4444 44 44 4444 4 " ' 
7)44 St«4 4-^ 4 4 44, 44 44 44 444^ 444444 4fe 4^^., 4444444 44^ 44 
4--fcH.s44 4444 44 444 44ii£4 44 44 4^444 444^ 44M 44- 44-, 4 44 4^ 4 
444 444 44 44 4444 3t4 44 444 44 ^344 4^-^ 444 -5_44fe 44 4i#44s4, 
44 44S 44 444 44£ 4444444 4^ 44444 44 44714 44 444^- 44s 444 44 
*Kr 44 4 ^#4 471- 4*44. 

4 444 44 44e 44£44 tss 4444. 

444# 444-71 44 S-€: £444, ^4 4-^4 4fe 441-4 44 4^4^.5. a44^, =l 444 444 4 
444. 

4 1 44 4 
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SI M £1 44 ^-o], ^1 i -yAHH 14= sgBl- tl^f-eilo]^ *)o-]^ 4 o_ s ,4 4 x-)d=) 4fr4(10)4 a 0 v 7 ] 

4-2 4el4(10)<H] 4fr£.:n. 4)-^Hl^ 4 °fl ^?m°-sL ■- '■)■ ■] -I 4e] 7l^t(i)# g-fe 74^ 3 $1-8-71, ^1 4 
el 7l?Kl) frfr ^^£lJ_ 4fr4 <fr*ifr 444*4* 4fe frrfc^O)* 4*4. 

»J4 cl^4fr°l* Sl^. Alxl-f-3)-^nj( 6 )^. 7 ]-x1n:] °-el 7)4(1)4, 4friLw! 7fli^(3)4 <g°l *1 SiS.^ «1 ^ -g-^H 

chi ill --j:.! 7|]oie 44 7l^-(i3), 53 -y-71 71* <i]<H-g-7H]Ai .h i 4?.]4(10)°-1 X4 4°11 *j^4 S J4 ^3?1(9)4 

ItH ?i4(8)-§- * 

4 S ' .(.:);- ••! .'. ^ ey e}-7i) mi^sM &* 4fr^l h]]h.2.4^ 7iliJ£?.(i2)# 4*4. «jH2-4s) ?Hi^(12)fe *14 
4#4(14)-§- ^44. 7)^- el y.(substrate ribs)(2)* 4fr^l mi^-H-^ ?fl4:H.(12) 4°l°l] 4:4 \ I 4 

71^ e) J*2)* a!lH.a.° 0 t2l fr4-_l412) -! -'I 4744 4* .V -1 •,' sj^sirfr 7l 4 e*El(2)* >ffi£lSI<#al 7))^H-(12) 

A]-o]2] f| -| Uj-^^ 4*144. 

?! €(H)-§- 14c)47l ^fr, 51445.* 514 ^-(conductive film)* «J-^*1-S1^- 4£5L4"£-1 ?H4iil(12)^l 
fr--fj 4*44 fr^frfru, g« 4t*«. A ^-n-7l- £7-1 4°-^*^ t#E)_£4S- ^^4, cfs U |o}o £ t ( 0)144 7 11* 
*5I SH^S-^S-l fr4i:*12)4 ^^El^l ? 4 Vji i 5^-} .<jj ..; £ x) 44 ^4^4 BH2= JSL^^l 7lli5L(12) 44 Tf°l 
*J fr $4.-2-4 V- -I"- 4in.4-M. ^fr7l- £71 ■- 7 '■! V -5= Sj7j;g 4 o^cf. 

7]- c-l-^^-H. 4 o.i=. Ej-^S. ^l^Hlal, Jf7)l7> fr lnra fril 44 l^j 1440)14 7jo| 7 l- 4 l^ nl o] Aj- ufl*] 100 ^ m n|nl-°] 
Afl.&S., 4* =->4 7! ; I. • \ " : ! 7 4*°1 44. 

fii 14V.-W-W.S1 «11* 4^* 454f-«4, 4fr2-] 4444 ?J^O£ 4^4* 44&1 fr^frfr 

* 7 4fe A Jfrfr # fra(telescopic layered structure)* «J^*lfe fr^- 4##- fr2:# 51'^ 44i M--t^-Ji# ,' Yl ;« 

C]-. o|S. giq,-/}. A]-g-4 4 O^Cf. 

fr?i-iiSfe, l-f r *j^<a l^fif !EEfe 4-^71- ^H^tJ fr<?! frJi7l- a]-^-^ 4 44. Aj-4 

4 44 44 i V- ,; Si 4v_4J±4 frfr '1-fr 7 fra* Sfe fli H-^friifr 444 fr2:7> / | j a 4 SI4. 

£ 2a ^ 2b^l -V_a14 44 40], ^44= . ; ,| 7]4(13)fr ^^714(4), ^7} ^<?jl7l4 -\) -j t ! 7flc)K 44(15), 
-fr7| 7 -l4)E 44(15) a o i.oH H°d#(5) ^ #7) 40^4(5)4 uji^^^^ ?i) i hj=(i2) Aj-ojofl 40J4 474I-7) ^ 

s)l A J-7l 7j°frS-(5) aj-4 -sjA o i4 47fl7iio-]44(n)4 7)-44. 

7ll°m ?i^r 7]4(13)fr "l}£J£- 0 o 1; ii| 7ll± ; H.(i2) 0 l| ^171-444(14)* .^4*fr °J^°11 4-frfr^(Al4fr4fr n j 

6)fr 5>fe4. ?l7]-444(i4)ollA-i 444 444 44#4fr n ofr6)fr *14 °frv:= ^4(8)* 74fr=14. 

fro] e 4fr(15)-fr, sj4 ci^4e||o]a] 44^ *| 4o]| cfl-g-44 45., «Jls.a^ ?fldi = (i2Hl fr ^1 »J-* 2.3. 
m>SL A-is. sg £34711 sH=.# *jAj4 E s 447]4(4) Hll"asH 514. HJ3-444, ^#°] Hfl < M€ t)|o) S £4( 
15) 4°H1 ;! '.-•! V- fr Si4. 

^3.%)(9) A cHl fr^4fe- 44^1 (bombardment) °j^fr ^<?3€-(5) £-1 fr^Hl 44 ^44. ^frfr(5)sl fr 
7lfrf 4/^444, 44s] 474x44] 44 44, oh] 44 447I- HfrS4. °11» ir4, 7-]] 1 ^40^14, ^44(5) 
a) 44 1, 4 ai /(m 4 bj] 4aj 5 ]^, 444#4(i4HAi 444 440]] tfl4 *j4 ^3.^(9)^1 °i 0 A°} ?i4 
fr Y,1447l £1*11 1p*I44 

47|]^o]44(n)4 x^oj4( 5 )o) 4^ fi 44 4^4 *j^€4. ^^1^H^^(11)*1 Si^-S-S. siH, 4i 4^o_s 
4a4 Ai4444(i4)4 4^ 7) ] 0 ]e 4445)4 4^^(3)7). , : : 3, m 4 44, 471)4^4441)0] 4^54^ ^^ 0) ) 

Aife, <H«RV ?d7l4£ ?HiH.(3)4 ?i^-(8) 4°lal ?:1£14^ 4*11 ^fr'^lfr $fe4. 444, ?i44«-^(14) 

o|] cii4 44 ?J4i5-S 4§11 47l£lfe frAj-o] 444 4 44. 

44 ;;| :i,y '7 4^14(10)4 7fl^S 714(13) a4]o|] v s r| . 4^ 4214(10)^ 444fr ±± U A 44*1 
^..sl '-1 '! 7!-! "7 7444c] ±4 #4l^(soda glass)* 4 1 mm M)7] 2miii^l frfr* 4fe 45-]4°H 7>^-%l- AS«1 <g 
°144. 

44 &447)fr °11fr 1-4, ^ frfrsKfrit glass)* 444fr ^°cl fr °1 ^ S (insulating paste)S ^las)^, 

4*114 4^ 7]4 &]n(2)fr -;--fr4-:l °7,' 4^1 ?14 4^14(10)4 fr^m 44(13) A441) 4444. 
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^-3.m(9), ofl* 1-'?!, ^i^t^- :! 3- ^3%!(9R), i3?(9G), 32 4^44 *j 4 ^EL^(9B)°1 

?i u o'- e]«.(7) *M ojo^o) ?i nj -fre]sl-(l0) 4°fl Bfl<t€4. 44(8)€- *J4 i:£L^(9) B]]<a^4. i 

• ; sM:);~f.- 13 3 TflolS ^^(15)ofl cH-g-&>£^ *§^44. 4 iaaj-^- U^ASL -g-^^ f-<3] 

E|fe 4kV MA*] lOkVSl 7>^5lfe 2]gfl #^S]if 4#4^ $ 4 444 SEfe *§ 4 **H-S 

Xfl l 70A)a|]o)]A^ ^MH^(ll)^ ^°v!#(5)Sl 4*11 S'S-i: *8^44. 4* 44il5., *}7U*lM44(ll) 

«<a#(5)* -5d«!^5.s. fit-^ *J^€ 4 s 514. stth 43]t1H44(11)* 4?MH44(ll) 0 l £4 ^<S#(5) 4 

4°1| ?! 7 I 44 44(mesh)2fl4-§- «34i 4 534. 

Aj-^iH^-aiH ^J^s. S 3 A 2414 ?i7l^-°] 7llo]s 7 -I H-i Lfii^Hf Sfe- 7fl2;^<31 °17|-^ 

4 514. *84^14 "3 °4i4 ?i7)^- E ^^=4 cfl^c x- lq -^ 0 )o| xjo]xi-ofl fijsii aj^sI 

ol TOA^o,^, Al) # L.)-EK)l7l ±H?J- 4*4 31 ^^AS -7-^Slir 3€^1* U cJ-#S>7l fl*fl, 37]-^ <g Bfl 3] *f # 2= 

5L^o| A>.g-^14. 4# B 0 V0J-0.S. 44 ^^#211^1-1- iH^M t.V 7>*l *jEllal ifiSlol Af-g-S] ^ ojc]-. 

444 43 7)4(12 Tflole x}^- 7 ]4(13) ^ *14 BltL(7)7l- *J ^ ^1 #4 434(10)^ isfl °1 ^ (spacers)C] £ A] ) 

I4 6 H ^1^-71 ^ ^4"S-e]tA}|-tO £ «) -a-g-^lJL, 444 Aj^- S)^^-7lS- °l-g-4. ?! * SI -g-71 si 

tflJf 10 ~ r > Pa a) 4 a) 44£S -fh*144. 

°1 ; 2!4, 43 7l4(l)4°fl SjAj^l tfflH.S.<8=£) ^±B.(12)$= 7flo|E x]^ 714(13)3-1 ^^71^(4)^ n>^^, aV 7 ] 

7)1 °1 M *m 7} #(13)3) Td7fl 7ll°i 7 d-=t(il)^ -g-^^l A) ^e)-(metal-backed film)(8H " ! ' 
4 i ^Ai^ 0 || 4^ ffj^ ci^-f-Eflo] ^(la^-i- 

7]* &lJ±(2)fe =8 an*! ^i 2 !* o-e] 7]^l-(l) #o)| ^^^4. ^# ^-g-^ ^^-fre|# fjfrsfe €^ sfl 

o|^S7> Aj-sflA] ^o]o]| Ufl//>A1 ^r^^ S^dl] k Jl-^-Al 0_ S o.^ 7 ) ^j-( J ) ^ o]] ^^flCf. ZL ^ H °4 

^7)1 -M.^ii-.. 

7)^ elJ±(2)7f olfi Aio.3. ^^s]^, ?i7>« 0 l-#^(14)4 7i^-|r ?11o]e Al-7j- 7]^(13)S) ^^-#(25 

"^M, A J"#«- "Jl-'ELi^tSl 7fli:J£L(12)fe -ff-3] 7]4(1)4 H 4 ^#^>£^ ^7| -R-e] 7)^(1) ^H] igAjs} <y^ev 7 ] 

^ e]H.(2) °fl ull<gslJi, ^7]-w 0 v^(i4)A- ^Aj4 7 i o,-^ ojo^ol uj)j=s.<a:oi ±£( 12)°)1 s 3^€4. 

afli- s-ol, 426-^ SeHo)S7l- 4^51°) 514. x dA^W^(14)Z. *$s§a\x} Stfe 426-^ ¥ 

fil|o)Eo] ojoj Aj-oj) %lAj^it;]. ^aj * 426-f-^ f-ellolM^ ^ 7>hJ-#^ (14)°! 8 3^slfe ^Tj^s. 
2iKharf-etching)-E!4. SfH. 7l) -7-7-'^ (open holes)(#* : 7- D j )°1 6 W &K 7fl^-Jf (openigns)# *J^€-4. 

U'^^-^&l ; a°)Tr v! -I; r-l^-t-ello) ^o) s) ^ a). 4 ^^§1 ^^^4. 

A 7H^Jf2l H|ifS H|]E1 i£^f ^oH 1 " fllEd, -ft-Zl-SJ Aj-Zl-^4 Tj-A. ^Z}-*!, o] s] *1- UfZ) a] g 6j- 

H]-=i £ l ^rSl^ AS^l 2J^- J2.°o 1: . *I B2-if 4 €23 ^ °icf. 

1 : r "II S&j ^(matrix) 4 ^^Klattice)-!- ^^sf£^ 27l7> zj^s] 534. 

4€- u o''°J-i2SLri-, ?)7l-«J-#-<a(14)-a- x»le| s 3-^l-7l fl* °J^# Sfe aJl^fi-^S-l ?11^£(12)7> All^Sj ^ ^cf. 

i7ei%i 2a^ ; !-& ^^#^(14)* %'^47l fl* °j°3*- £S= "ffls-a.^ ?D4i=(l2)4 D J4 ^-*-^7l] =14. 4^^- 

J3. ^tt, 3 '2. 43; 4ir.fl-w.# S.?i7 o i 54H^i=7l- 63^ S^l^Ml s) «H 44'*#t)(14)* '3 2 '3 -| 

•H 'SV ojojo|| xflo.i Ai q-. 

•■II : : 3 Vl^ 4t.^J2» ^3r4fe- sfllfliSS.^, ^S. 44: 4^nrJ±l- St^i 4 10/miSl ^^Sl-, 1:121 

ft»lt 43r 22 7||o]iE(c^Aj AjAj^oiD-g. *js| cJ-igKrieedle-like bundles)(€^^ *T<?i)* 4^% v -5-S.-^ 

oJ T P r 5(||oliM7> ' I •; : ! I . 
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4 Sflol^E^, 4 i^o] 4- 4^ 0,44 sj.7/l] | 4 X^o] o) x) . £l7l# 4- 4 <a^>( = ^ <?jX»7l. ^.uM 

a-| ^x)a- g-sllAl^i ■a-S- ^ ^(vehicleH ^slfe "11^3.^, * -g-sflsl^ ^ -7 

5Ufc 7.f|Ii, #<a, ^ 300 1 tfl^l 400 rs] &^7HH 7 >1« tcfl *M« -r §1^ -g- *M A>^sicl-. °-el <a*>*| 
°-} 300t lW 400'C^Ai 444 4 oi- oj^-ol A|-g-s1cl.. 

4 M-VW-JJ. -a-S-fe -^>1 ?iAl-^-#*l(i4)# <8<8SHr HjriJi^ ?1l4iJ£i(l2)a] 0 j^si mi ^ ofl =gg t aw St 
u].J3- .p, #h ■ : co-jfofl :| I : !. 4 4 44. 

°1 ^AVHj-t-^(14)^: 7H-7-JfS] Sol £Efe A)xl-^t-^(14)ol 44s TllolE 4^ 7)4(13)3)- A] 7:j 

* H^fJ 4^3.71- ^17-lslu.l-. oflS S-ig, ^44 ^ife JS-Aj A].7J- ^7]4<?1 ol= 45QTCS. 7><SBM, 

^^^#€(14)^" ^^Sl-Jl M^H# X*l-Sl-7l xH^A] £^AJ Sllo]AE 7} S^©.^. =^1|J 

^ie]ji ,'EAjAj ol-o] S^^. <£A)A^ 40] S !g Aj-o)l O- A^^jS _ ^-o)) ^*H, ti^AjO.^. ^ 7 -) 5). 7 ) S -fl 

elM^ bio S SAl-sjo-l, 440] ^444. 21 sV 4t ^-i M-^-n-Ji^-fe €4: 4^ 

°j Al-(carbon polyhedral paticles)7l- A)iaj4 ^ 7 .] a) a] t q-^u.nl-cl 5-447)! ^#¥14. 

o]El A]_o,-. Ajxl.w o )-#«l(14)o) UJl^aofo] ?l)4li2.(12) 4H1 «j7j E ]i, 7)14^(13)7)- &j <; vi , ).. 

7l|°lS Aj^ 7)4(13)-gr xflasHr 7^44. 

*f 4 1 /an <4)a) 4- 4J /iin^ *!-?i7l #(4H ^^^14. 44 ^4 £^ Xfe- 

SLAlAj xfls.^ hI-^s. xfl^s] cli^ellolo] sj^oi s| 7 f2 )- -S-°=)sKn wJ^ilS. ^ 0.6im]£4 ^o]^ 
^ ^3.^5] 711o]e Al^(i5)ol Aj-^s). ^^vn 7l3V( 12 )oll ^3]Hj-*j=iL^ A-jS- ^^JAI aJsilel-Tfl 7^3%) - ."I 

13 o|) 5-1 *H a':i 1 -/!:.,; sjA d si c >. 

I9i#(5)^ 1^71^(4) *oM] ^^Sl^cfl 7>7] :'| Yi -i ^ ^ jum ^a] ^ ^ w 7i^(15)^] 

-Sr-fr M • /I '.7^i 'f! Sllol^vs E ^Aj ^g.^ xfl££?l A| 7)1 xfl<>| Aj ^-(1 1) o] _ ofl^. ^nj, qk ^ a, ^ ^ 

;!• ' ':]";!:•• •'. t4|o1s ^^-(15)^ •:•! ,'i M^^ic-i ^e] sj^ ^ &) | 4^ s^cf. o] ^ 01^^. 7 ]\ 

°1S Al^-(l5)-& Ajsl)^ ?J-7a 0 )l sjAjslcK 

711 ol E Al-A(15)^ 7] o_^L *jAj5lt;l.. uflH-a^ 7llo|£L ^^-(15)<>1 ^ < ?37l?)-(4) Hfl«gE]lg, a,. 7 , ?d ^-<^ o| 0) , 

s)n AA t %U, 37)71- ^ 5lcK sj^- c)i§efl^7)- ^1^*1-^, 7flo]s ^1^(15) 

Jf- S£?l AlJ^fJ- ^ 514 o] 7J4-, 71HE ^=-(15)31 £L7]<4lAiol uii). afe ^0} 7l)o]E ? 4^(15) 40ISI ^7l°)| -f- 
4= S 4 s 5itK 

re|-c1-Al, 4' •; ' (.';) -'II cfl*j=*V tIHe Ai^-(i5)^ 37 | ^ ol^o]| oic-l ^^ofl n)l«V l-2ltl °6 1S 3 :C> 1 #<H# ^ 

TflolB 7i^-(15)<=] °] 44^^0)17-1 jxel^on aisfl ^7} sse] inel-ix.) _ 05%), 21^ ?i^(electr 

odeposition)°ll s] *H 4 1 5i4. 

71x1-1-4-7^(6)47 7fl*lE xl^- 7)^(13)31 Aj*)]^1 olxl^l) < ; i \ I l| . ^ X>^4^^ (6)77 ol^^Hj-^ 7 fi E fl o] ^ 4 

°l-g--#AS.«l, Sife 4a^tL£f^>|j (sandblasting), (laminated printing) f-ofl ^«fl 7HH)= a)^ 714(1 

3)^1 aj*ii a] 4*1 on *J 7^44. 

S-<H, 7iAl-f-4-7o§(6)4f4 AA°] 0.2m tfl^l 0.4mmSl 3)^# t>^ fl«a.«g= «1 ^-H 7^444. &x}^m4)2- 
'7 7 ; 7jxl- ^°ll7i, ^ HJ-#<H1 7|oi4fe 44^ 4^ Ad4»44^(6)2l ^4%- 2:4s] 4 01 

44 B]H(7)fe 71 -a -^-cl^-(lO)s) *> ^i°i 44 *J7J44. ao], ^44^^. 444^ ^J^AJ ^o)^ 

E7> 4:1! 7 40) 4 5:44^4 Aj-7i 44 4 & i4(io) avoi] 44^^51 A 3 e] hb}e 5 ]i4 4 44-^^77-1, xj 
e]J±(7)# 7! 7.J vi :4 
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Sl# 1ii(7)4 ElJia] io] 50^m°]i 4l£ ^q-(i 5 )o] $43^- 7)^(13)^ 3.41 4-411 4 

(8) 411 11 2.0mm 11 4.0mml£4 ^Jgll-. 

4* a) «(7) 411 ^ xjsj- 1«(7)1 14 411 1*)14 °jqi IHs^ A 3a(9 )o] 0 .3mm^l 44 

£7t4(9)4 8)1(7)1 si s|) Al-oHi xjxg ^el^-(io)s) °J14 *J444. 1* S3, *)M^ 

J=S ^11 asm 14 i3!!(9)* il ^(stripes)* 111-£4 =€S.slJl 44, 4-^44. 

14 iHl(9)£.5., 4144 <I4 i£Z.4(9R), *j 4 i£3.4(9G), *J 4 i3.4(9B)1 a)-^-s)o.s. 

4. 4 44 10 11 I00,um1 444, 0.3inm1 «=-* 144. 

61- «H *J4 ^3.31(9)^ cMfl cl^^efl-g-o.^ '■! •'! ': : 4 44 

4 0.1/iml 414 44 h)-^o] i 3 s1(9) aJ-o,] ^Aj^cf. <H1« 7 4 4414 444 X '• VI 14* 

44 1 -i 177V. 1114. 

/IMS 7)^(13)^- 7])iH.(3)# $>4 -frel 7ltKl) 41 ¥14 ^7fl^<H€^-(ll)o|| 14*!r4. ^114 41 
17,11(1 ca|)^ fl- 3 14(1)1 1 ,- 41 ¥11tl "14 i3.1(9), #411 4(8) * e) j±(7)» i?j-44 4 
4 414(10)1 4?1 ifflHI 4j-e) ,- , |j -| 44 ^114. o] nfl, 414(10)4 44s) xj^j- e) tL(7)s) 1-11 
4 441-4(4) 41 <?)44 »J)££41 7i|°ls 44(15)1 14 4°H) ¥14 4 111 11-£4 1444. 

41 714(1), 44 45)4(10) °A i3fl14 41 5.111 441^ 14^1 1441^ 44 114 

7|# 1444. ^5)1 °1 4 4a) =efl«yo)| Hsl a)HiJ=4 44^ = 1 44131 44 44-g-11 ifljf-b 4 *1) 4 4 
aj.2.3. 4444. ''si 4, »H7]s.m.7\ 4144. 

1 4411 4^4. 14-t- 144 1, 4i 3111 1£5- £44 41 344 54l4s« ! ) £»44. 44 

44££, 4£ 4Jife 111 *t) £41 £41)44 444 44^44 444 411 -41 ??%H] £lsfl ^44 4 
44. 

Yi ; 4-V-^-ii-i- its)b £44 5)1^1^), 4 sll 0 liS7) 4-1-44. 4-& 44^^, hl 4^- £44 41^7! 
444 4 44. 14 44, 4-4s) 4^4 °J44 444^ £4^ 11^£7)- a\^q_ ^ 44. 4* 44 

£44 4h)14 444 4 44. 

44 2.1*1-8-711- «i447l *)4 7l4£S4, 4&1 714(1)1 Ai~§-£cf. zie)4, 7144 4&1 7)^(1)1 1*1-e)^ ^o) 
1-14, 14e) 7)44 44 44141 444 4 44. 44444(14)4 4 CVDl 11 1^£41 1i-(i2)4 
1 CNT4. 14 44 426-44 »efllS» 4^ ^^4£^1 «4* 4- 44. 

3 J4 1^1-111 di*i- ^^s)5ii 4 D J44. 

£ 3 ^ £ 41 £14 44 41, 3 J4 1 il-eH 14 Its ^44 l££ 44(8)1 47)-47] 4 4 °1)££ 44(19 
). 1£J7. 447144 1i£(3)1 44*V7l 1*1 47-aj 7.71]^) 51^.(17), 4l£ 44 44444 7-141E x-l^( 15) o|] 

4441 14 41 ^7)11 £ls_(i6), 411144 4444* 414144(11)1 47)-41 14 411144 4 
4 14(2.0), * 44 ^11 5)3.(16)4 41 ill 1^(17)4 1147) 14 41l£(l8)# 444. 

ItE 44(19)4 1i.i;43)1 11 44, l££ 44, 4 4 5kV 14 10RV1 444 l££ 44(8)1 14441 
4444. 

414144 44 14(20)4 lH.2.41 4^.^(12)1 11 44 44, 1» 44, 4 11<V1 444 4h-1144( 
11)1 °4j5l?ll 4444. 41 411141 -^4 44(20)1 444 444 411144(11)1- 1i£(3) 404] 
414 4 41-4*4(14)1 44-fr 4#l£4 1-7) 14 4144 4411^ 41^4 441 44. 

41 ill £)s(17)4 441 >?H££41 1i£(12)1 444 ?W±B. 44 44 i14(23)# 4/£H 41 
£41 4i-'412)1 7444 441 ££ 47f4££l, 1££41 1ii412)-l: ill 44. °1 ^4, 4444 4 
441-41 11, 1444 1£H. 714 i14(23)7)- mi, so), -60V1 44°) 144fe 1h.£41 1i 
^42)1 4444. 4444 1141 H, 144fe~ li- 44 44 i41(234l- 11 ji, 1» 41, ovl 44 
1 s)1444 1.'=i?-41 71)7^(12)1 4414. 
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4*! ^-7]]^ 31^(16)4 444 7-llojE xj-^QSH cg^^ 7 |]o]e ^ ^ xj <g ^44(22)« 4^1-4 ?1| 

a] E x]^(15)oll xjo]-*. o] 7 >^-. ol 7^, >|]ojE xj^QSH o]7}£]^ 44-& (xj--^) 7Q>fciEl(3W 4 7f4 44 

o.3i^Ei xj-afl-xl xjo|^ # 7] .^o> s]-4. 

41- I- 1 ?!, 44 *J(^HdtJE. 4* 44 ^1*1(23)71- 0N4^ tfl«fl f 7flol^ xj^ ^ x] -J ^44(22)7} 7)xln|, 

7ii*m 4^- 4*44, °n* #4, 5ov 44°i 7floiE >g^(i5)ofl ^7i-^u}. 7i^mo_si, time 4^kis)4 ri^-c 

3) 4°14 ^i^l^V^r 110VC50V + 60V414. 

°Ui 4 47)4lMti4 44 44^ *fl£:J=°J| Eflsi oj=o] 44(47«44^ f^^o}) 4 47«44^(llH OJ 

?_l7l-fVuK O] 4^14. TllolE Xj^- ^ &7%*bo]#=L 4*44^4 ^ 44* Tfl E X^ O) 

7|44- 7H_^-7l- 4^}44, * 44*1 7fl^-o]] 44^14. 

4^1^-48)4 *M4 4Jl# 44 ^7]]^ fl5.(16H S-£_* 4j^4 ^711^ 5]^L(17H ^Jl* 4^5- 444 
<4*M) £sl44. *H5lS.(18)*r HI-?} 4*J 5.(17)4 4*] ^114 Si 3.(16)71- 444 47}44 4*1 U J * 

444. 

4^#3M4 x].^. C5. ^ig^cf. 3 ofl 5^44 44 44, 3^-iM 8 3 ufl^sljl 4-4 °i 44*- 

711 <^1M 44(0141 ^5L44 ^D4:H.(C1 4 C4)°] ^44^ °J44 *J^4 4-fi°l c^l^M* 4*4471 4*1 tJ 
4-7} 51 5a 5c £■ 6a 6d4 4KHS 4 n J44. 

^1)V_11 44(19)-& 7fl4iJ=(3H cfl-afl oj:o] cji-n x-loi-^. ^^tr xj^-( 8 )o]l 4447}] 47f44- ^Tfl^H*]^ ^ 

44(20)-^ 711^^(3)^)1 tflefl 44 ^oj- t <^ ^ lkV * 47l4lM44(llH <a^H 47f44. 

^-711^ S] 3.(17)^7 €^^1^-51 7H^^-^11 ^oj-g: ^71-^-^^.^ HH^S-^^l 7H4i5L(12)# ^^]1^4. 

^11- # T d, ^7io>7i fldj, ^.<y-# -6ov ^§*>ai; ^7fl^7i fl«n f a]oi-^ ovs xj^. ol o. 

c u , 0V. 0V, c 41 ^1 ^iil-ol zi-zi- uji^s.^^ x]^(c x ), u])h.S^4 li^iC 2 ), MHHIH.g=4 ^I^(C 3 ) 5 «]lHL 
SL°cf^ ^^-(C 4 )(£ 6a oflAi 6dM ^7} si u>. ^ i c n ^ c 41 -60V4 ^ ^^^14. ^, 
^1^1 ell ^--(addresses)* ^fe ^4**^4^ 4^ ^^#€(14)^: ?14# "<J-#§W Sfe^K 

^^^1 711^-^(12)7-1- z)£i-S:Z]}o}s\^ o]v)x]o\ zi- rf>gofl si^-^^ A] °] J= ^^-(Q ! tH^l- 

7flo].iH f ],f n x^_ ifl^(22)7} ^^14. ^^fl^l ^i^ 0 ] 71141^(3)^1 Cfl*11 *i^(G ! )ofl <?J7>4 

4. °11# ^°d, 50VS1 ^l^-ol Tflol e ^i^-(G ! )<H] ?17V=)«3, 4 H0V4 ^1^^1-71- 7ll^5L(3)^l tfl *fl ^^^4(51 5a 
^1^ 5c). 

7|47] o_^., uljj^^c^o] ? |)>fc = (C ! C 4 )4 Tflol^ xlq-(G ! )4 S4°J ^ 4 ^fl^ffe 1 10V7f E] ^ , ifflS-S.^ 
7H4iJ^(C •, ^ C 3 )4 71) oi E x-i^-(g : )°1 il4^^^1 7vl^lx>^ 0V7)- 44. H5H£ 6 0 ^1 7ll^J^(l2)4 7H1 °1 M 4 ^ 

(15) A>o]fij ^^1471- 4 100V7} 4 ct|] ^i^j xj74J-o_^ oi^ ^xg-^ 444#4(14)^1 44* 4#4t11 44. 
44^ , 4'44t-4(l4)ol 444 4#44. 

o] 4Ai^]oii.A^ et 7i4i h 44(15)^1 §-4 *3°1 4 44-^.^ ^lsfe 44^1) 4^4 OVS ^4^14 ^4* 4 
^444. 4^ 44-^-^, 7-iMiH ^)^ (15) oi ^oje xi^ds)^ ^ ^ oj: xjovo_^ ^-44^ 4H^1 4 4 
V4 -8- 4^)4^- 444 47l-^-^_s.4 4*4 4 4<4 ^^t^^l^lfe 4^^1^# 4^ 444#44 4€- 444 
444 444 4*4^1 4^44. 

4*4 44 4°L M4^1 *AH ^^44, 4 44°1 444 8i 4. 444, 4 44 444 44-2-44. 

°1 4 tJl 4 4 44 4 s-4^i <>i c]-. 

47-11 *i|444(llH 47f4 444 £ 7a 4 7b» t^s 4 n J44. £ 7a 4 7b°fl 4^4, 7fl^^(3)4 ^^i^ xi^ 
(15) 4°4-l 4^47]- 44(vth) ^14°14, 44* 44s. 4^-4. vth 4^-14 °14°1 4444, 44 

4 * 27I 44*4. 4447} 47}4H1 44, 44^ hl4 47>44. ^14 44444(14)4 t!41^ 44(15) 4°14 
44471- vth ^14°1 4 ir -ll 4^4 4714^^ 44 444#4(14)^1 444 4#4t11 44 534 4444. 

44(vtb)4 51 7a°ll4 4 SOOV^lai, £ 7b^4 4 ioov^14. °14 -^4°-^, 4t1]7-]14 4^-(ii)°l 7fl-^4ji 7fl^H.(i 
1411 cfl*H 44 44^1 47)17^)^x^(11)^ oj^^.^ oi 7 >sl^, 71)^1^ 44(15)^1 444^ 44^1 44i4 4 44. 
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XJx|-U 0 V# S£ (14)^1- 44S #=(15) A]-o]o] xjol^).o|] o)-,5]] ^71^ 4.4444(14)4- *J^(15) A]-o| 

21 7-1 a) ^<4] tile]- a*)- £ i :, 444, 44-4*4(14)4- 7fl4S ?i^(l5) 444 xl^s)- 444*^(14)4 tIH 
S 44(15) 444 4^ 444*4(14)4 441 4 44 A 4fe 444* 44 4 4 4fe ft 444 44-° S ^ 
4 4 4 Si 4. 

444, ?fl^i=(3)°H nHsfl 4°J 440] 4.7ll444.4-(llH 44 44^14, 4444444)4 444 4*44 4* 
4444 4444 44 4444 4 4*-4, 4££(3H 44 44^ #4(15)4 444 444 4^4 4 

44. 

-ie|_u 44, 44 44 44£ 444 4444 44(ii)£4 44444(14)4 4 444 444 444 44s 4 
=K15)4 47f44, 4444 4(14)4 44* 444 4 44, 4 4 ££4(9)4 44 444 4 44. 4 4 £4- 
£ 4-44 444 44 4^44 #4* 4 444 44, 4tn 44-444 ".'■•| 4- £4 #4* 4 44. 
4.t- 4 444 44 4444 44, 4-44 4£#44 *444 4 42 4 44. 

44S 44(15)4 474:1 444 4£44, £4-44 4-8-4 #4* 4 44, 4 444 44* 4 44-. 

444 4444 4 = 4, 44s 44 4^1-4 447|4, 4^1 ^444 44 444 44£ 44, 44 44-'! 7|=i- 
44 444 444 4 44 444 44 44-4 444444££ *J44 A5L4. 4 44£ °17}*1 #°]-o] 

4£4 4 44-. 

4444444 44, 4£ 4£*£* 44 44£ 444 4££7)- iLJrsj 4 °14. 4444444 4 

444 44442r, 444 44^-£ 4££4 4££ 44 444 4444 44 47144 444. 444, 4444 

sl^] 444*44 2244 Is ^IfAS 4-4 444* *44 444 4 44. 4££fe 5444 

44« 444 4 44, 4 44 4£*44 5444 44444. 

4 2 44 4 

4*£*4 tii 4 2 44^11- 4444-. 

4 2 4444 4* 44 4£*442:- 44s= 44 44 4 4££4 4324 4^*44 4444 4444£* 4 
44 44 4£*4444. 4 2 44<^H1 4* 44 4£*44* £ 84 £44 44 44, 7)4, 44s 44 44( 
11), 44 4 £(7), 44££ 4-444. 

444 4444. 444 4444 4 4 ^44^3. 44444 44 4^(1), 44 4£(2) 4 ?fli£(3)i 444 
4. 

?iiH(3)t 4iH 71^(12)4- 44-4*4(14)££ 4444. 4 ?fliH 4^(12)4 £44 4£4. 41- 1-4, 426 4 
, ; v 4£4 44441- 7>4 ji 447} 4 0.1mm 44 0.15mm4 7jsl-g- «fl£ia.4^-S 4H-££4 21444. £4, 
£ 9b4 1244 44 44, 444*4 4444(13)4 4*114 44££ 4 4S44 444"4 4-44* 44*££ 
4 4££ 7] V Ki2)4 444J-, 44444(14)4- 44444 4444(13)4 4444. 

£ l()a 4 10b4 124=1 44 *oj, 444#€(14)44, 41 1-4, £*4 £44 44 444-71 44 44- 

444 4444(13)4 444£, 44 4^*14 £44 4££*4 £#44 s 2*444. 

,! 2 4£4£-^ 4 100V4 47144 4£ 4-£*£4 44€ 4 44444 4 4 *£4 4444 441: 444 
4 44. £4, 444 44444 *J4 44(13) a].o)s) 44 44 4 44. 

4 4444(14)4 7^41-c *£*£ ^-fi-fe 4££ 4 44 44 4 4 ^4 444 44 44. 4-44, *£*£ 4 
4fe 44£ 44 4#(11)4- &444, 44444(14)4 3-44- 44£ 44 4*(11)4 o>efl i£4* =8^ 

44 4224 4 4 4444 2*4-, 444*4(14)4 344 44*44 444 4 44. 

444-44(14)°] 7iH'4-4 4444 4444, 44 444*4* 4444 4 '-! '.! 4 44. 

?l)i£(3)* 4447]- 44-41- °444 4* 4444 44£ 44 4^(ii)sl 4444(4)4- 4444. 444, 
4££(3)4 4°l£ 44 421(11)^1 44444 '\ ; 2 v ! 4 224. 

4 44-444 4444(13)4 442- 444 44444 4444 ?i"£4, 4* 14, £ I0c4 £44 44 44, 
44-4 44 £fe 44 44, 644 £^ 4444 44- 44^, 444 4444 £441 44-4 444££4 44 
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*4l. fi l£b 44^°J 4 44. 71)^44 34« ^4 4 44. 

4#-g- 7l^(12)°l ^S°11 4°1 444 SJS|^- 3jHl; Cl^l-EflolS] S ). O] S| ^ofl Cl)-g-5>fe ^S. ^ 

S^U 71=1- el O (2)7)- 42)4 7l)2cH 44(12) A>o|ol] *)!4b fif 7>44. 

? ,|o]E 7]^- 7) #(11)3- 42144. 4 7)1 o] i= 714(11)4 5. 9a°)l 51*14 44 Tj-o], 447)4(4)4 444(7141 

£ 2l4)(25)J2S. ^^4. Ji#*°l 4 S-S* 4 $14. 444(25)4 >fi = 3.<y=2l s| e)1* 4b4. 444(25)4, *J 
-71 c]^^Ho]o] ja Ai5] S | ^o]] t))44b 4^, *]3.°}} 44*)b.S *§*$*}JL 47) 714(12)* 444-°S 5* 

44514 447] 4(4) 44 «11<M44. 

43- 444. ^44 444 44#(25) 4°4H 4 514. 44#(25)£ 44 *l*s ajlH.a.4 

4I-H-4 444(25)4 ^«S7)#(4) 4°)1 '414=14, 47) 44#£r 44 <I<H1 $n 444 214 4 44 4 

51 4. ££4, 424HH44 4-^1-4, 444(25)51 ££4 444 4 224. 4 2^4, 44^(25)4 H7H44 «) 
4 31b 444 471 444(25) 44 ^1 ^ 444, 444(25)4 7rli543H 0)4 444 

44U 4 44. 

2i -24(25)4 4444(4)4 44 444b 4444bi24 Af-g-sib 44-§-44'3(6)4 ?lli- 714(12)4 i>44 
b 7141 h 44 44(11)4 ojoioii sjTjsicf. 444#4(i4)j25i44 4*4 44b 44-f-44^(6)4 44 ^44 
4 4(8)4 4*11 7>444. 

7141M 44 44(11)4 *H5L 7lli- 714(12)4 ^44b 4 4 4 <y4°flA) t4 (notches)(35)-I- 7|-44. ^1(35) 

4 714122 44 7l4(H)4 714(12)4 JH^l^J ^ofl 4 714- 4-b(2) 4o)l ^7J^ - o) c) . ^4(35) 

b, 5L lia 13 llM £.44 44 7^o\ t ^o|e 4^ 7)4(n)4 44#(25)4 sHrfcH 7l4(l2H sl«fl a)-©h 
^4 1 2 #22 4 44. 

£ lla^l4-l. ^4(35)b, 7)4 4i±(2)l- 3.44b ^±b. 7)4(12) 44 44241 4b «8«H, h«^s.<*4 444(2 
5)4 4442LS 4444 tflsfl ufl^s)?)) 7-22 2 H 924. ^4 4, £ llb-21 £44 44 ^-o], ^^4 71411= ^ 
7l4(ll)E ^444 4^ °j^o) ?i)i^(3)44 4444. 4b 71)^(3)4- 4°lH44 714(11)4 44*(25)<H1 
o) S ,i Ai-0411 oj^ 7j o] 5,7^.0., oj_ s _ #<a - 44. 

4444(stray capacitance)^ 4 °1 2= 44 44(11)4 444(25)4 4 72543H1 4«H a1-o]o^| ^0) H^ojoj 

4 ^^44. 44444 44 4«-(2) 4 s.4 ^xjAj-44 ^oje 4^ 7)4(11) ^ 7lli = (3)al °4U h)b))4 

"). 471 7)4 el a (2) si 44(4°))4 4-H41144. 44444 4*42i(floating charge)* 4^4144. 444242- 
44£4e-l 444 47441 44b4£ 444b 44°14, fl£7l 44124 4444 444 444. 

44- 844 471-44, 2^4 ^^4^4)7) b44 4 1434 44 44(load capacitance)^ f;)*U, 444 444 
514 42c44. ££4, 44444 ;l '1 44 4 4 44 444-E°ll4 444 4444. 44*)^£, 44441 c)i 
1-2141 4214°1 -2-444. 

444 ir_4(35)7j- '.lb 4 vi. -II "1: 44(11)4 444(25)1-4 ?fli^(3)4 s)-sfl 7410)) 4^ 7J0) ^ $] ^ 

444 4 44 44444 4-b4 4 44. 444, 4^44 flJE7> 4b€ 4 S)s 42. s] 44 4^4 
444 4 541-. JiL4 0 J44 4-^44 £_4°1 1&4 42c^)4 44, 4^4 44#£7)- -^4*11 4 4 44. 444, % 
4 Mis) ;| ' 2-.'-2 444 1o l 444 4 44. 

0411 s|44 ^^44. 

s|44 44°1I4 4 "11 444 ^44*3 5-44 44 444(10), 44 ^£i4(9) 4 b4^41 4(8)b-5L b44 
4. °114 44, 4444 4(8)4 4 0.1,^4 44* 4-b 4444 44b£ ^7^4 ^-444 4(8)4 a). 
444. 

44 2--H.4(9), <m# 44, ^1444 s 44 ^3.4(9R), 444-4 44 ^3.4(9G), 4 4444 & J4 ia4(9B41 
44 4e)4(10) 44 i'H24 44 e) «(7) a>o] oj^^] .-g 0 4,.. ^444 4(8)4 *J4 ^a4(9) 44 42144. 
^4 2,34(9)4 711o)e ^ 7)4(11)4 444524 ^444. 



444 714, t)1 o) e 4^ 714(H) 4 44 e)y.(7)s. *!44 3 j2lo| ^bH^^sia))* a>oH] 7714^4 x)4^i ^ 
444# Ai..g-4o.i o.s.^, 44 4^47)1- *JAj44. 4^ a)s)-§-7)s) qiJfb 10 -5 p a 444 44£2i 4 

4 44. 
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°1 ^4, 71* 4H| ? BiH.(3)fe >MS £4 7l?KH)al 454)4(4411 4^J±"! , 7)|°)H xj =■ 714(11)21 xj 

44(25)4 44*1*1 4(8)°11 4444. 

Aj--t£ xg^l- ^^i-eflol^Ai lr4(35)-2r ^MS 44 714(1141] -71)^^(3)4 7 )|o)E 3 = 7RK1DSI 7] 

-=t4(25H slsfl Afojoj] sife 7$^ M*t<m°] #<H€-4. 4S- £ 12a 5? 12b°l| 44 44 /fl^? 

541 «4j4 ;/H^-Jf (26)r4 sjTj^y - 5U«H. 7112^(3)4 7-11 °1 2= ?I4 7l#(ll)p-l t,4#5(25)°11 -°1 «fl 4°H 52 ^ 
si H*}-«3<*H ^ 2 4 5J.4. 

£ 12a<241, 7]l-7-4(26)fe 7]3& e)ii(2)# =E#s}fe ?fl4i^(3) °J^°11 ^34. tie! 71 44 £4 12b°l] i^s) 4 

4 40], .-!:;! -.1 7141 2= 4^2 7)4(11)51 ^7)441 ?#4 <8 «M ?B4lS.(3) 4*11 5M€*}. 7))iil(3)2|- 7141 H 2i 

4 714(11)2-1 H4°J^-fr #5j 4 514. 

7)14^(2641- 6 J7 S ] E iu ij 4 7ll oiE ^4 7)4(11)4 444 2^1=g«H|-H 442] 7]& am(2) 4^ 741=14. 

444 Tfl o] S 4;- 7)4(11)4 44 4°H tfl**M 51 2 2 2:,'. 74144. 

£ 13a 51 13b<Hl £7] si 44 ^o) i 7 14)e xj4 7l4(n)4 #7}^% 6 3^5J^(13) ^214 <a^ElS^ *32jsj 4-- 
5U<H. 7ll27HL(3)s|- 7411= 214 714(11)21 *144(25H 241) 7441 ojfc z|o) n^qo) 4014 4 oJ4, ^gj tr 
£ 13b<Hl £7i ¥ j 44 4.4 714444(14)4 7)44= €^ 7)4(11)21 44#(25)4fe 4€- <^<>l) 2411 744] 01 
'i ; l -a'--74J 0 -4) 744a 4 524. 

X 14a 21 14b°ll V 7.|i ; l 44 401, t!4)e x d 4 7]4(11)4 214444 ^^o 1 °413) #3-^ 3 2 M 4 4 
54^. 7|]42 L "oH *j2jsi 7114^(26)4 *j7jss 4 ^4 ?}}±^(3)&} t)41e 34 714(11)21 iii4544i #<Hl- 4 
54-+. ^ ^, 22 ub<21 12.74J 44 7^-4 ? i7i-4#*i(i4)4 7i4is v| V7 ; :- 4^ °iqs] H4 0 j^ 0 l # 
°122 4 514. 

7114^(26)71 ^s)-a, 4 71411= 44 714(11)4 ^>£-§- £t^-°l 2*14<HH 44=1 741 e)«.(2) 2H1 4*1 €4. 
4471, 7i4iE ^4 714(11)4 44 -!MI 444°1 4*34 AS. - ' 21 < 1 . 

£ 15a 22 15b°ll 51a)s1 44 40^ 7l)olj= £4 7l4(n)4 ^E^fil *j£ll# 4-E4 4 2l°-l, ?H^5L(3)4 2) 

o]e !• 714(11)2) 52°j°4] #°11- 4 514. ^--ti 4, £ 15b<Hl M^! 44 4°1, 2l44#4(14)-i: 
7ll2i.^(3)4 7i4)E 734 714(11)21 H45j^o] ^014 4 014. 

£ 16a 21 16b°l] E.A14 44 £0], 7144= 2d4 714(11)4 %J22£2) fell* 4^4 2j2i^ 4 5^)77, 7 fl^<gol s| 

7^=1 71144(26)71- 741 e]«(2) 4°)1 4 7l 714121 ?14 714(11)4 4524 *J4€ 4 514, 7lli^(3)4 714m 44 
7|4(11)2-1 444(2541) 2411 74411 ^4-1 7J 7^ofl SI - ^^^oi x.>:', 4 524. ixej 4, si i6b^l £744 44 
7J-0I. 72444^1(14)4 224421 ?11^H.(3)4 7-441. 44 714(11)2) 7i44(25)<2) &]t % 744,] 5ife ^o] H ^oj 

o_Jo] 4 0,4. 

7l4 7 -4(26)7)- 7)4 el 12(2) 4°H 7141S #4 7)4(11)4 4^4 s J^sl4, 7l) 0 42 44 7)4(11)4 4421 714 b)m 
(2H1 2)*11 '41 -2 1. 444, 'II '4. 44 714(11)4 44 4°H U 577 '1 21 2 ^2.7i 7)7444. 

71) 2 223 AH o)l 4^2- l! VI t]^i]]o)3] 444 2':] 4' 1. 

244 4 -^4°)1 til 4 444 4 D J44. 

^044^ 744^(25)01 421 42)4 4£4 7ll27H(3)2)- 7-41E £4 714(11)2) 747l4( 2 5)o)] 7lx7s44. 7j 

7)44 714)21 44 714(11)4 ?H2ii43)7l- ^44^- 4^r 2:14444(14)21 4£4<2 ^4, 44, &± 

2-'42 Aj-ofl Tifsic). 44 ^71 ^ s 47j ¥ 4 44, 4^444^ 44<214 ?I4# 4*44. 

2i44#24l4)2>.5L4tl 442! 2l4fe 421 ?4i4(7l-4 ?i4)^l 4742 44^)^1 4(8)4 4*11 7}^s}jl, 44^1^1 
4(8)4 7)4 *J4 i3.H(9)°ll cfl*j-4oi 1 4.1:7 o)o)] 44, ^44 ^ 4444. 

4 44°-S. 21^4(25)21 7jsi)7i 4 4 477. 7)44_ xiTi 7 )4(ll)°l 4^)^ *3 4422s 77^14 ^s] 7)1t2H-(3)7)- 
7-4)1= xj4 7)4(11)<H1 c|i44i7_4 7471 7414 22: 2^4 ^^34^ 127=7. ;. 

4 2)4(712? 2i5J2°) ?27]-4 44^1^1 4(8)2121, ^*H4 4 2i52°l ^1 1 ^21 7 ]41jh 4471 7)4(11)21 ?I44(25)°)1 
217444. 44^4 ^71414 4 1 ^sfl^ *S o] H14 4#45r ^h.k1)^°1)4 4 «fl -4 4 2i44 -7l|2^(3H 5.]7l4£ 
4 2J*4 r !4. °1 444 All 1 °|al 7iq-#<24i ^4 <gs) 444(25)4^1 4*144. ^-a 4, ££2(dot) "11 S.^^ c) 
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^ M oj7). 4=34 ■; 5U4. 

°] ; 4* 44 4 *1451 ?]7>£lx] &* 7H^£(3)4 4**(25)°1 OVS 4^44. 4* 44i2S-*, 4 4 -g- 4 
o] 0 ^ ^oj-o] ?|]iH(3)ofl cflsfl 3^*(25)o|) °J7}s!4. 42 c1^#eflo)H)fe c^Hefl^-g- 4* *J44*44* 
4& : !4 ! ;!v: 4(14)4 44* 4*44 4^4. 

aj-oj-o.^, ?fl±s{3)i ■?.i7V4 44* 27ii2i 4* 4. ov % 444* a^-ti- * xm. ###* 4*a*i-7i 

2-1-Sfl. 0V7> 9j7>S} 4 5 1C)-. #4#-§- 21^)147] «»J= °J7l-« * <U4. 

°1 ^"°r, 44#(25)°H nils)), 4* *<§<=>1 4 44^5. 44431, 0V HL^r * V 2] 4o]o]t, 405-0] 4^] sjH] 4 
7l-£l°i cl^l-eflolii^ ^H.efl^» 71- i=. ^4« 0 v^^i4 fe d-s. 444*€(14)* 441- 4444 &fecf. ofls 
, r v | ' ai-(8)°fl vl '| v! ;<•;] - 6kVS. >fl*>]^ 4* 7] 4(1 1)2] 4**025)4 °]7>4 2 21 2- 27fl2] 4s 

44, 4, 500V ?| 0V-I .v. 4 4... •! 4^44. 444, <>H4 4 4/4. 444 SA?} &4. ^.E*2-iL, <>14 4 4 
44 44£ 4-2-4*1 4^4, «)* 44°1 441 4 44. 

o] 44^0)] tc)-s jg^. d^efloioflAi, ^oje xj^ 714(11)°! 5]4£ ^4(35)4 7fl44(26)# •'! 4 il 44, n°l 
22 4* 7)4(ii)ei 4**1425)4 7fl2^(3Hl 2411 Ayo]d\} o|i=. 7|o) jjy^ojo^o] ^^o) 4 44. 444, 

4444*1 #4*31, 42^4 ^l£7> 444 4 5*2-4, sis 43:21 4**£7> ^44 4 44. s4J?j 0,140) 
«!47f if} 42^H1 44, 4 4212) 4**si4 4^4tI1 4 4 44. l^^s, *J* MH1 ^§41 *44°1 
444 4 44. 

7-1] 2 *M°H 4* =J4 ^#31 °1 7)i££4^4 4 "J 44. 

47-]. 7)4 £42(2)7)- ^5)]4 4^ 45] 7l4(l) 4°11 *f 444. o)]s. #4, ^3-* el* 4*4* 44 s*B 

°liS7> ^44 *°1°U £tt ofl^H 224^M) 2]*]] 4*3 *el 7]4(1) 44 ":-! 2 ' 2 4, 44 

sll°4S7]- 714 e].u(2)» «44£4 4^44. 7)4 el <*2)2] 4°1* ?fli£(3)sl 4<44 ^4444 ^ 4£* 
4444. 

443 £* 444 ?H4;s. 7) 4(12)^1 4 &1 7] 4(1)4 44 3**£* *e] 714(1) 44 *J4 4 444 7] 4 e*i( 
2) 7>o]4 44541, 444«€(14)* 4J447] fl* 444*4 *j* °J <*<(i3)°] ^HrfcH. 7)4(12) 44 4 J444. 

«fl* 44 44 44^3- 7 ,Jo)7l- 0.7imH3L 4471- 4 0.15mm4 426 tf§ ^elHS7]- 4444. x-^sj- b)|4-^ 444 
44444 *J4°J24i3)i *J45l4 426 4^- 421411=2) 45 °J°44°11 *J4€4. ^ 5 J 4 426 4-i? »efl^l 
1=2: 474444 %)4°J°4(i3)4 %'447l 4) §11 4224*244. 422^%^1 7))2 L 2 ic ?l(44 ^^)4 4M4 7)144* 
*J447) 244 ^o)ci. 44 44^-5-2) 4o lfe ;i -i 4|e||o| S ] sixjj - 4^ 3 3^ 2,444. 

124, 4 71144^ 2]= 0.5nimX0.7imX0.15min2l £Z.7)» 4^4. z )- 711442] 4°lfe 0.1mm ufl^l 0.3mm 40HH 
s J«l 4^4 4 44. °1 <S414 44 426 »?l4m4 4^4 «H 44. 

4€- 4412-S, 44444 ^4°J 2413)4 D ] e ) 4-^ - 7 ]\±^. 7l4(12)°l 444 4 44. 

H4%' 4-^-5171- 4441-4 ^4 6 J^(i3)* 4fe ?fldb^ 714(12)4 44 2J444. 4^4ii ^444 2^34 
o|) o] sl] 474444 *j 4 oj oj ofl si) $] 44. 

4 4^^-Ji cH442- 7)4(12)2] 44444 ^4°J^(13)2l 4 >4 ^1 444 2444 4i! 4 4741-, 

31 4# 4^-^-12 442) 44°11 ¥1747144 §i4 4 44. 444*4 H4°J°4(i3)4 ?1iH 7l4(l2)°1| 71144* 
1! 4 •! '2 *J4slH.s, 4744*4(14)* 40]^ 4^ 7)4(11)4 ^44 44 *3^4 4 44. 

°1 ^'4, 444*4(14)4 7H442] 40]^]. 471-4*4(14)2) 44* s,^^.s.^ 7)lo]e 714(11)4 Q% ii 
47-II s]2r 23* 444 4 44. 

444*4 ^^°J 0 4(i3)o) 4| ; ^-g-4°i *J 4^*7-^4, 4i 4^*«1- 2Z44fe £44 alM^B?} -ft-el 7) 
4(l)o]| c)]4 4*421 24* 44 4 4 44. 

77.54 * 124 1 2 1 4^-27-71- 47-144. 44 ^4^0.^ ^^jg ^ 27 ]- 42^ *7i4^o> 4 450 "cs 7j-<g£l4, 
444*4 2413)4 *H$)x}5L &± 4^«» 52*4* siTi^ 1 s)|oi^M7> 5.4^ ^3-4°l 

47-144. 447-], 44* 5244* £44 4°1 2:144*4 *j4°J^(i3)o)) ^4?14. 4^1 2:144*4 ^4 

2J2413), oflU- 45-4 44 4 0.5inmx0.7mm2l 44 *4°11 ^444. 51*^ sM^ey] 4iS| jl *7l 442»« 
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4 42 4&1 4471 g -I 43. 1M s)]°l^H4 &4 4»141 4*412^4 4^1 igJg«B^l>|| 44. 14*1 4*1H1 
444 4^ jgjgg 5:44 4^ oj^. 4 

44444(1441 ojBH Ajo S 7ll44<341 "A 1H 4*11 ^4^14, ^7) Jg =3 *>7fl $ 4 1 4 44. 

714 4 S44 1 fi^ol * ^4*4 £?i2l 4°-l S4 4°ti 5il4 ^«H1 4*H. ^^*l-7] 

fl-Sfl 2flo|x] Bj o_iS. aA]-Sl<H, 444 }n#44. f&4, 4?1 C]-^- Al-o] e)^ 4.^144^ r}S &± 444 ^ 

4&14H.4 tm^cLS. *fl7is]<4 &± 4^4Ji4°l *^*»H ^#44. 

4 4 4) O.S.. 444#4(14)4 ffliH 7]^-(12) 4°fl *i4*)4 7fliH7> *J444. 
4 4 M 4 4 7] ?K 1 1 ) 4 2 1 »j -g- id »j 4. 

/IMS. 44 44(1 D* *J447l fl*H, 4 afe 432* 444fe tffleliss 7-11^4 444 

(25)4 ^3.4 ^41M1 4*B, 44 1-4, 4 10(Uni «l 4*114 444 44 *S47l4(4) 4°1] ' ! ;! 3 4, 44: 4 

4. 

"ill- 1:4, 44°] 44 4 0.6mm si 44* 4fe Jg* n}i#elMsl 444 44 44 47} 444 4^5-4 

si 44#(25)o] A-lS-cHl cflgfl 445) o_ S Jg^«V>|| 44714(4) 4°11 4444. «J^O-SSl zHfc 44 n-l^f- 

eflo] S.4 ^dfi 45} 4*34 £^44. o) 44 444 ^ojE ^ = (15)ol ^Sfl^l 44 O.S. ^ 4 S| - 44. 

4H--5-44 44#(25)4 44 Al ros. ^444. 44#(25)4 ^^7l*(4)^ U()444, 47l 4444 

oil 44 444 - 5Uai ( 444 37)7)- £4 4 $14. Ef, 233} 4^43417]- #4#(25)£. £4 

4* & -r 44. °1 7|4, '7d^#(25)Sl 37H1^S1 £4 ^^-#(25) ^°lsl -g-7i°fl si *B ftl 4 5tt^ 

. 4eM, 7114^(3)^11 cfl^ xi=|-4(25)2l o}s^o\ 4x4] 4 514. 

x4hf 4-7-^(6)01 TfloiE 7l4(ii)si ^sfl4 <a*H ^7g^4. ^4*4^^(6)^ °14S]-44i 7)-i ei|o]x^ 
ol-§-4-°-S*l, 5Efe ^l^u.4^'%1, 4*%' -f-°ll sisfl 7i|ols xiq- 7i3Kll)sl ^gi4J $1^41] ^^44. -il : i 

l-Ti. ^x>*44«g(6)ol 4 4 0.2mm 441 0.4mm s) ^7j^- 4^ ^^2.4014^ 74^44. 44^^(14)^4^ 
#4 -3^1)4. ^ 't#°H 7]^4 ?i74i 4^ 44^.4^^(6)0] S |to £<<1 4 °+M. 

l,-xj(35)7|- 7||7hH. 7l4-(12) 4^1 a|)^4 ojoj^i ^7gjg)4. ic*|(35)fe- 714- e|«(2) 4°H Hfl^s|fe- <=J4-g- 5.44 4 
514. .v^l(35)-b <>14s)-472 7}+ E4141- oi^-^s^, 5Efe -*Bi=«4^"S. 4# S J 5.4^ 4°H sl*n 7-141^ 4^ 

71 4(11)21 X4-II 4 o.,^ H ] &| 4 44. 

^I* €-fI, -v_4(35)4, 7114M 44 44(ll)sl 44 4«(2)» i?44 ?H4:H. 714-42) 4°fl, nR^.e4s1 *)44( 
25)4 fjjf^s. 44!4i°ll 4*11 nfl^jsixi «S^44. ^4(35)4 4^1°fl4, 444(26)27 711444^^ 444 4 4 
4. i--4(35)2r oi444i 4^ E14144- 4440.^4, ^ ^ils}-^, 44*1 4°ll -sfl t11o]e 4^ 

7l4(ii)4 1 :.|| ;-i 444 6J444. 

•■it ■ ;• ir24 £ I2a4 £^14 4^ &>], 71144(26)4 4^51 4^1 444(25)4 4^^AiiL 4*1 ?2 41 <^>1 J= 44 A% 
(11)4, 744 eU(2)» St§4, 44(12) 4H) *S4^4. 4'-4*l- ^^1(35)4 7fl44(26)7> ^4* 4 514. 

°1 7 £!4, :^4(35)4 71144(26)2:- 0)444^ 7)-^ si|4^» °l-§-«-^.S.^, SEfe- 4^)24-^^, 44*3 54J 4°ll 
alafl 7)1 4 k 44 714(11)4 ^4114 2-4H1 *J2^44. 

44 414747 4'?i 4&14(l0)2i 4 4s?i 44 *J4€4. <N1# 44, 7^-4 ^444^ 4444 44 5)4)^ 
71- 34114 4°l7l| £4471 4*11 44 4214(10) 441 44*M ^a.4 =4H4 4, 4isj3.£«i 44 4«(7)# 
2 2 2"". 

44 el-H(7)4 4°1 50/in^U 44#(25)°1 *l4^1fe 44m 44 714(11)4 S44 4444 4(8)7]-o)4 401 2 

,0mm 44 4.0mmol5l4 *3444. 

44 414(7) 7>o]4 x|4 Aj-4 44 4j4(7)ofl 44 A44) -444 440H Hfl<g44 44 27.^4(9)°1 4 0.3ram4 4 
4 :"l-4^4 4444. 6 J4 ^3.4(9)4 44 &1«-(7)<H1 4*11 4°1°1| 4444 44 444(10)4 4541] «§444. 
il-:- -44, 3144-i=j£. 42:21 2J4 2-3.4°l ^-^ c h 1 4 fi 4o'4£4 ^34 J24B4 4, 4-444. 

^4 ^£3.4(9) o-s, 4 444 244 i34(9R), 4444 *J4 ^3.4(9G), 4 23444 44 ^3-4(9B)°l a>4s] 
4, 4 44 lO/iin 44 100^1,4 47114 0.3mm4 44 7[44. 4 ««fls] *j 4 ^^4(9)4 4^ 4^44°14A5L 74. 
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-8-4 4 5U4. 

4 O.l/anS] 44 44*1 if 44°1 *344 4 ^34(9) 4°l) *J444. 44"14 444 

7)^-^.g. 0)44.0 s*) 5: v v : i ) . 44 5.]y.(7) 4°)2) 7 i34 ^ 4 44 (dielectric breakdown)/)- 4t el*L(7)4 4 

3# 4444 4(8) A)-o)o|]A) ? • ^44 /IMS 44 7l^(H) A).oH)A) g '!!.~,| x| V'.. • 4 44 ^ 0.(7)7} 

444* ^fr4 x)^ - 01 - e> ^ASVcf^ 4 514. 

^l^lfe 7}*, Tine 42 7)^(11) 51 v; i 4 '•; n 4 =J44 4444 2 ^'44. 

7|]o] S xl^- 7l#(ll)-£ 44 7)1 o]S 44 7)4(11)4 ^j^^S. ? fl iH (3)t 44 7)^(1) A oMl 31*144. °1 

£ 11a. 13a 15a°)l £4 4 44 £*1(35)7} 71) o] j= 7l*(ll)ol] ^sqg. ^ojE 44 7)^(11) 

4 tU-fel 4444 5£442r «|HS.° 0 ia] 44f425)al 444 21*1) 444 4* e)u(2) 44 4444. 

£ 12a 5 14a ^ £44 44 44, 71144(26)7} 4444 TflojE 714(11)4 ,4 2 £444 24444 4 
4s) ■) -I 4 JeL(2) 4<H) 4444. 

£ 16a<4 £44 44 44, 7fl74(26)7} 71* 4*42) 4°ti 44£ 44 7)*(11)# 4£4 ^45171, t))o)e x^ 
714(11)4 442) 71* 4 12(2)4 2|*H 4444. 

7^l]o]A-) 42} £e)lo)(n)n A ]}o) o-e) 7l*(l)s) 4«H) 444:2, <§ % i£l4(9), 4^44 4(8) 51 44 &lJ2(7)# 
2 : • 44 44 4(10)££ s 344 4 44 272)10)4 °-e) =efl<y ^Hl 3444. 

4 "1 4>4 444(10)4 4 44 'I ":-):| 3r£<»l 4 447)4(4) 4<H1 6 344 4^.£44 44#(25H 44 4°1 
°)1 *44fe 44s) °J^4 3*4£4 u))<S44. 45) 7)*(i), 44 444(10) ^ 2,4144 43 =efl«gei 4-g-*] 
4 444 £ Jf 44 £ £4 4 , ^i-g- si <h -g-7i 7} 4 4 44 . 

2~5)|o)a] nefloi^ sjx^si n|)7]£j=fe- X)7 ^Hofl ot7jsl;n, si^-g-7]s) u))«-fe x^flxi oj-s) 6.s 4-^4 

4. 7JL?i 4S W)|7).¥_)£,7> ^^-^4. 

o) ^a)^o)) " ■ .' . 1 2 . 71** *j7j-«j- o|), e)-^ fu^ £^^j q-Sl a.g-t- Bllo)7l 1|1^S. S:A>^-O.S.Ml V.#*C)-. i I 2 
• J 22l£>.2i, ^J-i^fr eflc,)xl ^ sa)-^) °)s-))a}71- ofq a)- *b)-^t.># o)^-^. ; : l c,i ,j ^ e >o) ojj*io|i o ) gfl ^^aj 
514. 

•J- ;- 4^4«-# atslir £44 ff)41^e^A^ ^- 5))o)^^7)- A)-g-*4. c)-s u o vo> o_s.fe, ai 4€- £42§ s ll°l7i 

: 7|- Af-g-^ ^ 52c)-. cii 7- £ 73 *)- S -o_ S xfl^Vl 2J4# Af-g-*V £xlAj J|]o)AE 7f A)-g-^ ^ o1 C L c)-S Uj- 

2 v . 12 7J A1 fte)n.)7> A)-§-=i 7 52c)-. 

4^ 214-8-7]* ^AJ*> 7 ) SQQ. 7l*£S.4, 47-1 7l*o) A^*4. ZL^u)-, 7)*^ ^5) 7l ^H) 7.1)fl2)fe 0 Lu] 

4, Aj| 2 .)-ni 7)31-4 44 4241 44 Aj-g-^i 7 514. 

-V7](35)4 7)1-7-4(26)^ oi4-s-.)-4i 7}^ 3H4» A>-g-f-AS.4, £-2r ^Hl^i^, ht-*,*j h^^i A>-g-*i-o. 
S4 t))o)e 724 7i4-(ii)o|] ^Ajs)fe 7g7§ ^^4514. 4€- 422*^4, x-)4 sj^oi 4^*1 v_4(35)i2 £4 7^ 
44(26)£ 244^41 427 °J°2 4°H 6 3^2il 4 52^, 4-2J4 4 242H.S, 44 £4(35) 5? 7fl44(26)« <8 2i 
4 1. 



444 2-JAHH1 4174, 44 H J-#4 *J4°J7)o] 71*-°)] 7D44S- ^4« °.S-4 444#4°1 44 

444 ^2j25 , ^°)l SJ444. 4s41 444*4 S J4°J^4 7flo) S ^ 7l*4 ^#44 ?*M144. ;< dl44, 2i4 
4422&1 1244 7-141E xj^ 7l*sl c>afl a^o] 4^01) ^sfl o>#e|x] eii7j7_5L, ^44*44 a4°fl 414 440) 
4*14 4 524. 4741. 444444 44* 44471) 444 4 514. 444£sL, ^44^1 c)^#efloi 4222^0) 
444 4 44. 

7114471 ?BAH 7)*<H) tgTg^ji, 444t441 71)44°)) «§^^^, 2l4444°) ^ afl 4 2- 542. 47)4, 44 
4444 444 4244711 444 4 44. 44^1 2l44sl c)^4eflo) 3-^x^0) 44^ 4 514. 
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711 <>1S ^ 7]*o] 3}<Hje .t*] gj /Hn'-Jf-I- 5.«j-%^l] uJ-SJ-, ?fliH£]- t||o|e xj-^ 7 )b|-o| 7 .|)o]e xH-s-ofl 0)3,1 A> 
°H 21 ^S] JiIx)-oJo=|o] fo]|- - ol cK tt ,. eHi ? fl;fc3=Sl- 7l]olE = A]-oH Sj 7j si Jf^-g-#°l #<H* *r £U. 



33^8- 1. 

'! '•' S f-^?!- -fral^dW^ -^-7] ^d n d ■fi-el^UOH 7l#(i)-fr i*>-s]-fe ," X S)fl-g-7l( 

1,10); 

-SM 7l^(i) tfofl $<8sU ^4't#^(l4)^ ?fli = (3); 

•S^llJH'Steit A d-7) 7H±^(3)^Z] °}Z\S)o] AV 7 | 7l^-(l)o]] u^iLtrs. A}- 7 | g g a) -§-71 (l.iOH 

'I1 <S El ;• 711 'I " . 7:1 ^ 7] #(13); £ 

-S-vl 7]^ slfl-§-7l(l, 10HH -1-7I ^ -ffeWlO)^ £<S 4M1 *I^Elfe ^3.^(9)^1- °11-V-J= ?iq-(8)# 3L^ 
'•■I : :• q^*eil°l£Ai, 

-S-71 TIME # = 7l^(ll,13)-gr '^<H£ ^^^^K Z| ?!(6)^ ^^71^(4)4, 

4J-71 ^°l7l?l-(4.) ■tfofl *j4j£lfe ?fl o m ?i^-(15,25)-§- ^Bl*Hr 5!* Sffe nl^-l-^]ol. 

^ T 7 " ^ 2. 

711 1 *cM] 21^7,-1, 

-S-71 7Ho]E # = 7|31-(13)^ -S-71 Tfl^lS #=(15) Aj-ofl - - !;! *J °d #(5)2f, 4>7| *i<S#(5) -8-ofl ?I7)1^0-1 

?i^(ll)-fr ci T' /: ••!•:.- V: c)7ifts1|ol. 

711 2 *oH1 SU^H, 

-J-7) 7fl4i^(3)fe <M3. Jf«*|-7l) «ll°Jsil (|=E<JS| ?Hi:^l(12)S} 4J"7) qBE. S. 0 <M1 7HiJ£L(12) 4MI *J ^ €l 

A o'-7l 7]|o|e xi^ (15) ^ a o v 7 | ajjcs.^ ?Hi^(12)^l! ^aJ'S-^AS. ^71 -74 ^71^(4) 4H1 ^>a=)H, 

^■71 i3€(9)f -*7l TflolJE 7j^(15)o]) Cfl-g-Sl-O^ UllHS^P-1 *jEfl# *j7 0 l S |.; e JTJ5I1- C.]7-S El |ol. 

4. 

7)1 2 %H! xi<H-H, 

A J-7l ^7ll7lH^^-(ii)^ Aj- 7 ) ^^^(5)0- Aliaj^ O.S. ^i»a)lol. 

5. 

711 2 %M| Sl°-l7l 
6. 

7ii 1 fl-oii sa<H7i, 
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^T 1 "* 7. 

7-11 6 *oH| 5U«>W. 

D-7l 7Has- 7itKi2)-gr Ul^-I- 5§%>5>7)| ufl tsH 5Ufe <=Hr3 •fflsje.'SM 7)^(12)* 

-5]--Tl. 

A J-7| 7ll°ll= 74^Q5)£- 4"7) NR2=a.«y=sl : 1 ' "I 4M ^i 1 ?i7l3l-(4) TiH) ul'Sslfe t)^2) ; ' 

2. °J= 2-]. ^^#(25)5. S 4 4 e) u .) , 

427] 4# ±3 fl(9)* 4-7] HflJiSL^s) ^-^#(25)^] y|]<g£]fe cK*s] i3fi(9R,9G,9 

B)-I- ;■! c|ifEl»]. 

8. 

711 7 5io-)A^ 

47] 4 7! n.)i^ei]o) fe ^ S fl. ? ] Tl^sL 4M 7RKD 4H] 7 7 <~ - 4-r^1 7)?1 fl).a.(2)-Ir cj £«j-sl-Jl, 
4-7] fHSJi^s] -711 7] ^-(12)^ 4-7] 7]^- e] u(2) a>o)o]) hH^hIo), 

47] 2]o)E 7]#(11)£ ^S. 4-71 HjHJE.^2) ?J±E 7l*(12)4 4 V 7] 2±(2) 4"°1] *M sg £ C) 

^t 1 * 9. 

7-1] 6 *y-°i] si°-] 4, 

4-7] 7])o)e D-fr 471 »fflE.a.«9=si ?Uh 7)^(12)^ m^fe °J^sl <a-f<Hl h^l(35)-I- ifj-^fe 

10. 

71] 6 -v! -I, StM-H. 

4-7] 7|]o]e xiq- 7] ^-(n)* 47] afl^s^fi-1 ?]]is 7)^(12)* iL*>*l-fe 4^2) <gjfofl 7fl^-Jf(26)# »3 
11. 

7-11 2 %hi sa«n*i. 

4-7] o]].S,- 71^(8)0!) *)<y-fr <y7>s)-7l 711 1 , 2 -'27 12): 

?1]2:-(12)°11 TfliH. n'-^?i°2r* tl^M *1- 7-1) 2 l 1 *^ 71 (172 

47] 7d 7j] 7-1) <H?i^-( 11)°1] 72 7l)zi)^7i^ ^^d^-ft- 711-3TS1-71 fltf 711 3 -7-^2K20); 

47] ?fl;fcH(12)<H) tflafl 4sfl2l 2l^l€r «§4«Hfr 7 flo)l= ^= ^-^ol-o. AV 7 ) 7 .,|o)E *J-(1 5 )°1) ^7|-*|-7l A ^ 7)1 

4 T-^TtKlO); '21 

4-7] 21 2 -l i - , S--r2!-(17H 4'7] 7fl4iJ=(12)* ^H^-S i<H*l-£.^ *1-J1, 4'7l 4 2 ?&^&(17)<>) 4'7l 

2)* 2i^!sl2i, 4-71 *fl 4 7-^2Kl6H, cii#^|*l^fe «=1 kJ-sK 4"7] ?fldtJ= (12)<H] tflsH 4?J ?d2l-*- 4 V 7| 

5114-01-2- 7l]olM ?i^(15)°ll <?i7Vs1-£^ <5>±r 7110-1^^(18)* c-1 i*!-*}^ a J * q^»e1]o). 

12. 

71] 11 *<H §1°IH, 

4-71 21 3 2'-^-2-2I-(20)t2 4-71 ^>il^|«H ^^-(ll)^- 4"7l ?11^JE(12) A>ol<q ^fl^7> ^-71 ^7>tiJ-#^(l4)<=>l ^4 
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IHfl°l. 

13. 

aj«H£. Jg-^jiLS f-^*1- Td'S -frel^(io)^ ^71 -fj-el#(iOW 7l*(D* i#e>fe ?J-g- ^-§-7]( 

i g -i s| . vj 7-]]; 

7lfKl) A oH) 7fl4^(3)# ^Tfl; 

a)-:/] .xl-^- Slfl-8-7l(1.10H-H #71 ?H^^(3)llLJfE-] • | 1 4 -| #7l 7]^(l)cHl nj-^JiSS # 7.]--f- -4^ <3 (6)^- 7}xl fe- 

711 °]S ^ 7l?Kl3)-fr ^*Rr #741; ^ 

^7) 7|#(lH "l-^rJife ^'fl -B-e!*(10)2l ^-°]\ ^EL&^r *$^Z\& ^7))# ^¥i- t|if r Efl 0 ] x|| 

# 7 1 5fl J= ( 3 ) -I' 8 I ^ *V # 711 

it 1 ?!* '•! ' - 7]^-s1 *V ^a^<Hl 7fl^(13)* -:•! -M 7HiH. 7l^Kl2)-§- z\]^z}±= ^7fl; 5| 

^Jt 1 * 14. 

*U 13 *<H1 &«H*I. 

^•7) 711 o]E ^ 7lB)-(H)# ^^Sffe ^l-7flfe 

7}?i7|aK4)# #7)); 

^7l 7J<?i7]al-( 4 ) -S-ofl **^(25)-fr ^sRr tM); 51 

A o'-7] *l^t-(25)* 5-^-^-7] ^^71^(4)2.] ^s]]^ ojoj^l ^^.^. 2 |.^^( 6 ) 2K 3 «^ E ^uj-oj , .•!(,!;. )Pj 7 fl^-Jf(2 
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